Inhibition of peptide chain initiation in lysates from ATP-depleted cells.I. Stages in the evolution of the lesion and its reversal by thiol compounds, cyclic AMP or purine derivatives and phosphorylated sugars.
Anaerobic incubation of rabbit reticulocytes at 37 degrees C in Krebs-Ringer solution supplemented with hemin but devoid of glucose resulted at the end of 1-2h in a drastic decline of their ATP content and an attendant arrest of protein synthesis. Subsequent provision of glucose and reoxygenation of the cells was followed by a rapid replenishment of the ATP pool, while resumption of protein synthesis was markedly delayed. This lag period could be considerably reduced by addition of 5-10 mM adenine or 2,6-diaminopurine to the incubation medium. Lysates prepared from ATP-depleted cells exhibited disaggregation of the polysomes and an inhibition of the nedogenously coded protein synthesis, when tested in a cell-free system supplied with an adequate ATP generator. Both alterations increased in severity with the progressive decay of the intracellular ATP pool. The early phase of partial inhibition following a 40-70% decrease of the cellular ATP level was fully reversible by fortifying the cell-free preparation with dithiothreitol or a suitable NADPH-generating system. Aternative, the inhibition could be also overcome by millimolar amounts of adenine, 2,6-diaminopurine and a variety of other purine derivatives or cyclic AMP. The effect of these compounds was unrelated to the endogenous cyclic AMP pool. Joint addition of both dithiothreitol and cyclic AMP or adenine was necessary for relieving the initiation block in lysates derived from cells depleted of 80-90% of their ATP content. On further aggravating the conditions of energy starvation, an additional requirement for phosphorylated sugars, e.g. glucose 6-phosphate or fructose 1,6-diphosphate, became apparent. ATP depletion brought about by exposing the cells to Antimycin A or 2,4-dinitrophenol resulted in a lesion which was indistinguishable from that induced by anaerobic incubation. On the other hand, energy deprivation in cell-free lysates from untreated reticulocytes, preincubated in the absence of an ATP-generating system failed to duplicate the deleterious effect of intracellular ATP depletion. Some aspects bearing on the biochemical mechanism of the lesion and its reversal are discussed in the light of the available data.